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National Aeronautics and
Space Administration

John F. Kennedy Space Center, Florida
Kennedy Space Center, B2899

ELVL-20140043865

Reply to Atnof VA-H1 October 24, 20!
TO: Scott Higginbotham, LSP Mission Manager, NASA/KSCAZA
FROM: Justin TreptowNASA/KSC/VA-H1
SUBJECT: Oirbital DebrisAssessmerniReport(ODAR) for the ELaNal2 Mission
(DRAFT)
REFERENCES:

A. NASA Procedural Requirements for Limiting Orbital Debris Generation, NPR
8715.6A, 5 Februarg008

B. Process for Limiting Orbital Debris, NASA-STD-8719.14, 25 May 2012

C. Email, OFW: [GRACHJLTRASat] Latest orbit parameter estimatesO Scott
Higginbotham to Justin Treptow, October 1, 2014

D. McKissock, Barbara, Patriciadyselle, and Elisa Vogeliuidelines on Lithium-
ion Battery Use in Space Applications. Tech. no. RFD875. NASA Glenn
Research Center Cleveland, Ohio

E. UL Standard for Safety for Lithium Batteries, UL 1642. UL Standard. 4th ed.
Northbrook, IL, Underwriters &boratories, 2007

F. Kwas, RobertThermal Analysis of ELaNd CubeSat Batteries, ELVP012
0043254, Nov 2012

G. Range Safety User Requirements Manual VolumeaBnch Vehicles, Payloads,
and Ground Support Systems Requirements, AFSGIVII91V 3.

H. UL Standard for Safety for Household and Commercial Batteries, UL 2054. UL
Standard. % ed. Northbrook, IL, Underwriters Laboratories, 2005

I. HQ OSMA Policy Memo/Email to 8719.14: CubeSat Battery {Rassivation,
Suzanne Aleman to Justin Treptow, 10, March 2014

Theintent of this report is to satistite orbital debris requirementssted in ref. (a) for
the BisonSat CubeSdaunching in conjunction with thldRO L-55 primary payload.
Sections 1 through 8 of ref. (b) are addressed in this docuseetinrs 9 through 14all
under the requirements levied theDepartment of Defen€National Reconnaissance
Office and are not presented here
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The following table summarizes the compliance status dBig@nSat CubeSdlown on
the GRACE missionThe CubeSais fully compliant with all applicable requirements.

Table 1: Orbital Debris Requirement Com

liance Matrix

Requirement

Compliance Assessment

Comments

4.31a

Not applicable

No planned debris release

4.31b Not applicable No planned debris release

4.32 Not applicable No planned debris release

4.41 Compliant Minimal risk to orbital
environment, mitigated by
orbital lifetime.

4.42 Compliant Minimal risk to orbital
environment, mitigated by
orbital lifetime.

4.4-3 Not applicable No planned breakups

4.44 Not applicable No planned breakups

451 Compliant

452 Not applicable

4.6-1(a) Compliant Worst case lifetim@0.6yrs
for the CubeSat MRST-Sat

4.6:1(b) Not applicable

4.6-1(c) Not applicable

4.62 Not applicable

4.6:3 Not applicable

4.64 Not applicable Passive disposal

4.6-:5 Compliant

4.7-1 Compliant Non-credible risk of human
casualty

481 Compliant No planned tether release

under ELaN&al2 mission
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Section 1: Program Management and Mission Overview

TheELaNa12 mission is sponsored by tpace Operati@Mission Directoratet
NASA HeadquartersThe Program Executive is Jason Crugsponsible
program/project manager and senior scientific and management pe@@nasifollovs:

BisonSatTimothy S. OlsonPrinciple Investigator
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Program Milestone Schedule
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Figure 1: Program Milestone Schedule

The ELaNal2 mission will be launched ascomponent of the GRAC&LIxiliary

payload on th&dRO L-55 mission on a Atlas V launch vehicle fronVAFS, Ca. The
ELaNa12, will deploy 4 pico-satellites (or CubeSate)th afifth as a backuprhe

CubeSat slotted position is identifiedTiable2: ELaNa12 CubeSatand in the

Appendix The ELaNal2 manifest include&RC1, BisonSat, Fox, LMRST-Sat and

the backup CADREThe current launch date is&27/2015 The4 CubeSats will be
ejected from a PPOZBarrier attached to the launch vehicle, placing the CubeSats in an
orbit approximatelyp09 X 796km at inclination 066 deg (ref. ¢)).

Each CubeSat ranges in sizes from a 10 cm cube to 10 cm x 10cm x 30 cm, with masses

from about~1 kg to~4 kg total. The CubeSats have been desitpyadhiversities and
government agencies and each have their own mission goals.
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Section 2: Spacecraft Description

There ardour CubeSats flying on thELaNa12 Missionwith the possibility of difth.
The pimary CubeSatwill be deployed out o2 PPODs, as shown ifable2: ELaNa12
CubeSatbelow.If CADRE is flown on ELaNal2 as a backup it will be in its own

PPOD
Table 2: ELaNa-12 CubeSats
CubeSat : CubeSat CubeSat
PPOD Slot Quantity CubeSat size Names Masses (Kg)

A 1U (20cm X 10cm X10cm) ARC1 1.33

B 3 1U (210cm X 10cm X 10cm) BisonSat 1.09

C 1U (10cm X 10cm X 10cm) Fox-1 1.33

A 1 3U (10cm X 10cm X 30 cm) LMRST-Sat 3.62
CADRE

A 1 3U (10cm X 10cm X 30cm) 4.4
(backup)

The following subsections contagiescriptiors of these4 CubeSatsSee the Appendix
for CADRE details

Sensitive But UnclassifieSBU)




BisonSat Salish Kootenai Collegp1U

- <—A3 Top PV Panel
Antenna X2
(not to scale)

A2 Front PV Panel—

Frame Top

Frame

A2 Side PV Panel
Hysteresis Material Board
—Ler
Payload B r
n Board TITLE:
NAME | OaTe BisonSat Exploded View
Pluggable Processer B RJB  8-13
Motherboard .
Frame Bottor “ Salish Kootenai College
ame > n ) 1 Kootenc llec
o
rrormer

A3 Bottom PV Panel RY AND CONFIDENTIAL SCALE: 2:5

4 3 2 1

Figure 2: BisonSat Expanded View

BisonSat has primarily an educational objexidf training undergraduate engineering

and science students on design, build, test, and operation of space hardware. The science
payload is a visible light camera for land cover classification, and cloud cover and cloud
height measurements.

BisonSat will power on immediately updeployment from thedPODand start timers

that will trigger deployment of the uplink and downlink antennas 15 minutes after
deployment and begin beacon transmissions 45 minutes after deployment. After verifying
uplink capability and performing initial system checks science operations as directed by
uplink commands will began approximately 3 days after deployment and are expected to
continue for a minimum of 6 months.

The BisonSat structure is made of 58522 alumirum, and contains mostly COTS
components (PCBs, solar panels, external antennas, magnetic materials, camera optic).
The antennas, camera board, hysteresis material board, and one of the six solar panels
were designed by the BisonSat team.

There are no presre vessels, hazardoos exotic materials.
The COTSelectricd power system consists lhium-ion batteries with over

charge/current protection circuitry. Thid listing for the batteries will be provided by
the power system vendor to APIC safpgrsonnel.
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Figure 3: 1U CubeSat Specification
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Figure 4: 3U CubeSat Specification
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Section 3: Assessment of Spacecraft Debris Released during Normal
Operations

No releases are planned on the ELdRRaCubeSat mission therefore this section is not
applicable.

The assessment spacecraft debris requires the identification of any object (>1 mm)
expected to be released from the spacecraft any time after launch, including object
dimensions, mass, and material.

Section 3 requires rationale/necessity for release of each dijeenf release of each

object, relative to launch time, release velocity of each object with respect to spacecratft,
expected orbital parameters (apogee, perigee, and inclination) of each object after release,
calculated orbital lifetime of each objectcinding time spent in Low Earth Orbit (LEO),

and an assessment of spacecraft compliance with Requiremettadd34.32.

As no objects are being released rationale, timing, release velocity, orbit parameters, and
orbital lifetime are unnecessary to refo this section.
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Section 4: Assessment of Spacecraft Intentional Breakups and Potential for
Explosions.

There are NO plans for designed spacecraft breakups, explosions, or intentional
collisions on the ELANAL2 mission. No passivation of components is planned at the
End of Mission for the CubeS&abn this mission

The probability of battery explosion is very low, and, due to the very small mass of the
satellites and their short orbital lifetimes the effechmiexplosion on the faerm LEO
environment is negligible (ref)j.

The CubeSats batteries still meet Req. 56450241y virtue of the HQ OSMA policy
regarding CubeSat battery disconnect stating;

OCubeSats as a satellite class need not'discormied:tattueries if flown in LEO
with orbital lifetimes less than 25 years.O (iigf. (

Assessment of spacecraft compliance with Requirements th#ugh 4.44 shows that
with a lifetime of20.6years maximum the ELANA2 CubeSat arecompliant.
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Section 5: Assessment of Spacecraft Potential for On  -Orbit Collisions

Calculation of spacecraft probability of collision with space objects larger than 10 cm in
diameter during the orbital lifetime of the spacedaits into account both the mean
cross se@bnal area and orbital lifetime.

Thelargestmeancross sectional area (CSA) among filver CubeSats is thatf the
LMRST-SatCubeSatvith antennasleployed {0 X 10 X30 cm with four deployable
antenna1.0X 15.2cm):

. % I * *
'ES  CSA | !Z!#$A)I& Area [r 1 !!)14 (¢ *h)]

Equation 1: Mean Cross Sectional Area for Convex Objects

(g U000

Mean!"# | | |

Equation 2: Mean Cross Sectional Area for Complex Objects

All CubeSats evaluated for this ODAR are stowed in a convex configuration, indicating
thereareno elements of th€ubeSat®bscuring another element of the sabubeSats

from view. Thus, mean CS#r all stowed CubeSatgas calculated usingquationl.

This configuration renders the longest orbital life times foCalbeSats

Once aCubeSahas been ejected from theP®D anddeployablesave been extended
Equation2 is utilized todeterminethe mean CSAAmaxis identified as the view that
yields the maximum crossectional area. Aand A are the two crossectional areas
orthogonal to Aax Refer b Appendix A for dimensions used in these calculations

TheFox-1 orbit at deployment i509km perigee altitudey 796 km apogee altitude,

with an inclination 066 degreeswith an area to mas8.62kg) ratio of0.0097m%kg,

DAS yields20.6years for orbitifetime for its stowed statevhichin turn is used to

obtain the collision probabilityRegardless ofariation in CubeSat design and orbital
lifetime ELaNa12 CubeSats see less than OxBXYrobability of collision LMRST-Sat

sees thamilar probability of collisionas the rest of the CubeSats on ELdRaTable 4
below provides complete resulfhe backup, CADRE, has an orbit lifetime of 24.5 years
in its stowed configuration. Because of its backup status it was not highlightesl in thi
paragraplbut is fully detailed in Appendix E
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Table 3: CubeSat Orbital Lifetime & Collision Probability
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Figure 5: Highest Risk d Orbit Collision vs. Altitude (LMRST -Sat-Stowed

There will be no postission disposal operatioAs such thedentification of all
systemsandcomponents required to accomplish posssiondisposal operation,
including passivation and maneuverimgnot applicable

The probability ofany ELaNal2 spacecraft collision with debris and meteoraigsater
than 10 cmn diameterandcapable of preventing pestission disposdtas been
calculated to béess than"#!$ % probability of collision for any configurationThis
satisfiesthe 0.001 maximum probabilityequiremend.5-1.

Sincethe CubeSats have no capability or plan for-efichission disposal, requirement
4.52 is not applicable.

Assessment of spacecraft qolance with Requirements 455shows ELaNél2to be
compliant.Reqgurement 4.52 is not applicable to this mission.
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Section 6: Assessment of Spacecraft PostmissiDisposal Plans and Procedures

All ELaNa-12 spacecrafwill naturally decay from orbit within 25 yeaafter end othe
mission satisfying requirement 4.Ba detailing the spacecraft disposal option.

Planning for spacecraft maneuvers to accomplagimission disposal isoshapplicable
Disposal is achieved via passive atmospheric reentry.

Calculating the areto-mass ratio for thevorstcase(smallestAreato-Masg post
mission disposaamong tle CubeSatinds Fox-1 in its stowed configuratioasthe worst
case.The areao-mass icalculatedor is as follows

4% 1€/ 1'% \(m | | !
!,,#;5 T !(m LIS 1 to! I N

Equation 3: Area to Mass

RN It
TG

Fox-1 has thesmallestAreato-Mass raticand as a result will have the longest orbital
lifetime. Theassessmentf the spacecrafillustratesthey arecompliarnt with
Requirements 4:@ through 4.6b.

DAS 2.02 Orbital Lifetime Calculations

DAS inputs are509 km maximumperiges 796 km maximumapogee altitudewith an
inclinationof 66 degreest deploymenin the year 205. Thearea to mass ratiaf

"I#$  M%/kg was imputedor theLMRST-SatCubeSatDAS 2.02 yieldsa 20.6year

orbit lifetime for LMRST-Satin its stowedstate These same orbit parameters were used
to determine the backupOs orbit lifetime, details can be found in the Apgeadix

This meetsequirement 4.4.. For the complete list of CubeSat orbital lifetimes reference
Table3: CubeSat Orbital Lifetime & Collision Probability

Assessmentesultsshowcompliarce
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Section 7: Assessment of Spacecraft Reentry Hazards

A detailed assessment of thengponents to be flown on ELaN& was performedlhe
assessment used DAS 2a0conservative tool used by the NASA Orbital Debris Office to
verify Requirement 4-1. The analysiss intended to provide a bounding analysis for
characterizing the survivability of a CubeSatOs component duémdrye For example,

when DAS shows a component surviving reentry it is not taking into account the material
ablating away or charring due eaidative heating. Both physical effects are experienced
upon reentry and will decrease the mass and size of thifeeadmponents as the

reenter the atmosphere, reducing the risk they pose still further.

The following stepsireused to identify andwaluate acomponents potential reentrigk
relative to the 4.4 requirementwhere the risk to human casualty shall not exceed
1:10,000 There is not enough energy to cause a human casualty if the surviving reentry
component has less than 15J.

1. Low melting temperature (less than 1000) componentsareidentified as
materials that wouldot survive reentry and pose nisk to human
casualty Thisis confirmed through DAS analysis that showed materials
with melting temperatures equal to or below thatagfper (1080C) will
always demise upon reentry for any size component up to the dimensions
of a 1U CubeSat.

2. The remaining high temperature materials are shown to pose negligible
risk to human casualtihrough a bounding DAS analysis of the highest
tempeature components, stainless s{@&loq C). If acomponent is of
similar dimensions anldas a melting temperature between 100@&nd
1500 C, it can be expected to possbe same negligible risk as stainless
steel components. Séable4.

Table 4: ELaNa-12 High Temperature DAS Analysis!

H$0e&'( | Y+ -11M01/2%2(3 | | 4331567 :;,0;:/('52(!2!3(!)7! :5563" ?50&67?(! :%%;é’sﬁ@ﬁ %7 E</$'$;A;(F
HSUET | G- ) 012 213 3) 2) 4415 0) 0)
I"#$%&] 6,9%% 73) 23) 23) 9 4413 0) 0)
I"#$9%& | 9%:)'%(,%%) 5 513 <2) 0123 0) 0) 0)
I"#$%& ] =*)'%(,%%") 2) 513 724) 0123 0) 0) 0)
ruswoey | 7 ?c’%fgi gﬁé@; 9 0 9 53) 9 4F1) 0) 0)
rusnsy | 6,%#)2%1@,)GH %,#|  7) 71F 75) 9 4413 0) 0)
rusoe’y | H-'%,9%(). 1%, # ) 7) 2) <2 9 441) 0) 0)
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The majority ofhigh temperatureomponents demise upon reentry. The majority of
components that do not demise reentry have less than 15 J of energyc@hpoments

that DAS conservatively identifies as reaching the grawacdf the fivehave more than
15Jof kinetic energyFrom the Debris Casualty Area and the orbit these components will
be flying in the 1/74900 probability of human casualty satisfies the requirement
(1/10,000).

Through tle methoddescribed abovd able4: ELaNa12 High Temperatur®AS
Analysis and the full component lists in the AppendlkCukeSats launching under the
ELaNa12 mission are conservatively shown toibeompliance with Ragrement 4.71
of NASA-STD-8719.14A.

See theAppendixfor acompleteaccounting of the survivability of all CubeSat
components.
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Section 8: Assessment for Tether Msions
ELaNa12 CubeSats will not be deploying any tethers.

ELaNa12 CubeSats satisfy Section 80s requiremerit.4.8
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Section 914

ODAR =ctiors 9 through 14for the launch vehiclare addressed mef. (g), and are not

covered here.

If you have anyguestions, please contact the undersigned aB822958
/original signed by/

Justin Treptow
Flight Design Analyst
NASA/KSCNA-H1

cc: VA-H/Mr. Carney
VA-H1/Mr. Beaver
VA-H1/Mr. Haddox
VA-G2Mr. Atkinson
VA-G2Mr. Fineberg
SA-D2/Mr. Frattin
SA-D2/Mr. Hale
SA-D2/Mr. Henry
Analex3/Mr. Davis
Analex22Ms. Ramos
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Appendix A.

ELaNa12 Component List by CubeSd&isonSat

BisonSat - - box 1089 100 100 115 - - -
Structure External- Major 5052H32 aluminum hollow box 180 100 100 115 1"# - Demise
(incilodvi\:g ll))gtatlg:ies) Internal- Major allafnlﬁrmrt: gg’ gebr;t;]%rlide;s planer 305 90 90 24 1"# - Demise
power board batterieg Iithiurr?c,’:sl?nn;inum cylinder 42 18.5 65 - 1"# - Demise
C?\Z;Zﬁﬂg Eggr(éata Internal- Minor PCB planer 95 90 90 15 1"# - Demise
ﬁ?ﬁﬂﬁﬁg”ﬁ%ggﬁf Internal- Minor PpCB "rﬂe?’;teregs planer 55 90 90 15 g ; Demise
material)
hysteresis material HyMu-80 planer 0.2 25 5 2 No 1454 See Table 4
Com?ggrigations Internal- Minor PCB Planer 75 90 90 15 "# - Demise
Payload board Internal- Minor PCB planer 70 90 90 15 "# - Demise
Solarpanels External- Minor mounted on PCB planer 36 95 95 1.6 1"# - Demise
Lens and lens holder Internal- Minor - - - - - - - - -
lens glass cylinder 15 25 25 - No - See Table 4
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External/lnternal Diameter/ . . Melting
Name (Major/Minor Qty Material Body Type Mass (g) Width Ll e Loy 2| Temp Comment
(mm) (mm) Temp )
Components) (mm) (iC)
lens holder 1 plastic hollow cylinder 4 20 25 - I"# - Demise
Antennae External- Minor - - - - - - - - -
VHF antenna 1 spring steel flexible strip 4 9.5 432 0.25 No 1500 See Table 4
UHF antenna - 1 spring steel flexible strip 2 9.5 127 0.25 No 1500 See Table 4
Fasteners External- Minor - - - - - - - - -
threaded screws
inside circuit board 4 stainless steel cylinder 4 3 95 - No 1500 SeeTable 4
spacers
lens holder fasteners 4 stainless steel cylinder 1 1.6 19 - No 1500 See Table 4
Permanent magnets Internal- Minor 4 Alinco-5 cylinder 1 2 32 - I"# - Demise
Sp_ace_rs between Internal- Minor - - - - - - - - -
circuit boards
16-mm length - 12 aluminum hollow cylinder 2 3 16 - I"# - Demise
12-mm length - 4 aluminum hollow cylinder 3 3 24 - I"# - Demise
Antenna cables External- Minor - - - - - - - - -
coax cables - 2 coax flex|ble 1 3 75 - I"# - Demise
cylinder
connectors - 2 brass cylinderon 2 6 8 9.5 I"# - Demise
rectangular basg
Separation switches External- Minor 2 stainless steel spring strip <1 - - - I"# - Demise
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